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D scription 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a catadioptric optical system and, more particularly, to an imaging optical system 
for performing reduction projection. 

10 Related Background Art 

Various optical systems for projecting and exposing a mask pattern onto a photoresist on a wafer to manufacture 
an integrated circuit such as an LSI have been proposed. It is known that an aberration is well corrected at a relatively 
large aperture in a Dyson type catadioptric optical system. However, since the imaging magnification in the Dyson type 
is catadioptric system is unity, there is a limit in the transfer of a fine pattern. 

As an optical system having a reduction factor suitable for the manufacture of a semiconductor device having a 
finer pattern, an optical system which is a modification of the Dyson type catadioptric optical system is disclosed in U. 
S. Patent 4,747,678 and U.S. Patent 4,953,960. 

Although the optical system disclosed in U.S. Patent 4,747,678 which permits reduction projection allows imaging 
20 in a reduction scale having a ring-shaped view field, it basically has three concave mirrors and a convex mirror, and 
must be combined with a number of lenses in the use of an exposure apparatus for microlithography, resulting in a 
very complicated optical construction. 

The reduction optical system disclosed in U.S. Patent 4,953,960 comprises a combination of a concave mirror and 
a lens system. Since this optical system attains reduction mainly using the concave mirror, the aberration is large, and 
25 a number of lenses must be combined to correct the aberrations. 

EP-A-527,043, which is prior art only by virtue of Article 54(3) EPC, describes a catadioptric reduction projection 
optical system comprising a first sub-system including, in succession from the object side, a first lens group of positive 
refractive power and a first concave reflection mirror for forming a primary image of an object, a second optical sub- 
system including, in succession from the object side, a second concave reflection mirror and a third lens group of 
30 positive refractive power for re-imaging the primary image, and a second lens group of positive refractive power ar- 
ranged in an optical path between the first concave reflection mirror and the second concave reflection mirror. 

SUMMARY OF THE INVENTION 

35 it would be desirable to provide a catadioptric reduction projection optical system, which has an excellent imaging 

performance as an optical system used in the manufacture of a semiconductor device, and has a large numerical 
aperture. 

In accordance with the present invention there is provided a catadioptric reduction projection optical system com- 
prising: 

40 

a first sub-system for forming a primary image I, of an object and including, in succession from an object side, a 
first lens group of positive refractive power and a first concave reflection mirror M v and 
a second sub-system for re-imaging the primary image and including, in succession from the object side, a second 
lens group G 2 of positive or negative refractive power, a second concave reflection mirror M2 and a third lens group 
4S g 3 of positive refractive power, and 

wherein a magnification p G3 of said third lens group G 3 satisfies: 

0 05 < p G3 < 0.6, 
so Q3 

and 

wherein a magnification p M1 of said first concave reflection mirror satisfies: 



In the catadioptric reduction projection optical system according to the present invention with the above construc- 
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tion, the first and second partial optical systems each have a concave reflection mirror having chief refractive power 
and a lens group (first or third lens group G A or G 3 ) of positive refractive power, and both make reduction imaging 
possible. Therefore, a predetermined reduction factor can be obtained as a whole system without forcing each partial 
optical system to bear a great burden in aberration correction. For this reason, it is possible to simplify the optical 

5 construction and yet maintain an excellent imaging performance. 

A catadioptric reduction projection optical system according to one embodiment of the present invention comprises: 
a first partial optical system including, in succession from the object side, a first lens group G 1 of positive refractive 
power and a first concave reflection mirror M 1f and for forming a primary image of an object; and a second partial 
optical system including, in succession from the object side, a second concave reflection mirror M2 and a third lens 

70 group G 3 of positive refractive power, and for re-imaging the primary image, wherein a second lens group G 2 of positive 
or negative refractive power is arranged in an optical path between the first and second concave reflection mirrors M, 
and M 2 , and at least one of the first to third lens groups to G 3 is constituted by at least two different glass materials. 
Thus, chromatic aberration is corrected satisfactorily, and the imaging performance can be further improved. 
The catadioptric reduction projection optical system according to the present invention satisfies: 



15 



45 



55 



0.05 <p Q3 < 0.6 (1) 



where p G3 is the magnification of the third lens group G 3 of positive refractive power. This condition defines a proper 
20 magnification of the third lens group G 3 , and allows to realize a catadioptric reduction projection optical system having 
an excellent optical performance, and to obtain a physically constructible catadioptric reduction projection optical sys- 
tem. The physically constructible optical system means an optical system in which optical members do not interfere 
with each other in an arrangement of optical members constituting the catadioptric reduction projection optical system. 
When p G3 exceeds the upper limit of the above-mentioned condition (1), a light beam propagating between the 
25 concave reflection mirrors M 1 and M 2 considerably overlaps a light beam propagating from the concave reflection 
mirror M 2 to the secondary image surface, and the arrangement of optical members constituting the catadioptric re- 
duction projection optical system cannot be realized. 

When p G3 is set below the lower limit of the above-mentioned condition (1), the refractive power of the third lens 
group G 3 increases, and coma and chromatic aberration are generated considerably. 
30 The catadioptric reduction projection optical system according to the present invention satisfies: 

Pmi<-<> 7 (2) 

35 where p M1 is the magnification of the first concave reflection mirror M, . This condition defines a proper magnification 

of the first concave reflection mirror M v When p M1 exceeds the upper limit of the condition (2), the refractive power of 
the first concave reflection mirror M A increases, and aberrations, especially, spherical aberration and coma, generated 
by the first concave reflection mirror increase. In order to cancel these aberrations, the negative refractive power 
of a refracting optical system must be strengthened, and it becomes difficult to satisfactorily correct these aberrations. 
40 Conversely, p M1 preferably satisfies the condition -2.0 < p M1 . When p M1 is set below -2.0, the refractive power of 

the refracting optical power must be strengthened to compensate for a decrease in refractive power of the concave 
reflection mirror M v At this time, the merits of a reflecting optical system are lost, the construction of the refracting 
optical system is more complicated, and it also becomes difficult to attain aberration correction. 

The catadioptric reduction projection optical system according to the present invention preferably satisfies: 



-2.5<P M2 <-0.7 (3) 

where p M2 is the magnification of the second concave reflection mirror fv^. This condition (3) defines a proper magni- 
50 fication of the second reflection mirror M;,. When p M2 exceeds the upper limit of the condition (3), the refractive power 
of the concave reflection mirror M 2 increases, and aberrations, especially, spherical aberration and coma, generated 
by the this concave reflection mirror M 2 increase. As a result, it becomes difficult to satisfactorily correct the aberrations. 
Furthermore, a light beam propagating toward the concave reflection mirror fv^ considerably overlaps a light beam 
propagating from the concave reflection mirror toward the secondary image surface, and it becomes difficult to 
obtain a physically constructible optical system. 

When p M2 is set below the lower limit of the condition, the refractive power of the concave reflection mirror Iv^ 
decreases, and the refracting optical system must compensate for the deer ase in refractive power, thus losing merits 
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of the reflecting optical system. At this time, the construction of the refracting optical system is more complicated, and 
it also becomes difficult to attain aberration correction. 

The balance of aberration of the lens groups in the catadioptric reduction projection optical system according to 
the present invention will now be discussed. The first lens group Gj is arranged in the vicinity of the object surface, 

5 has a function of maintaining telecentric characteristics, and corrects distortion. The second and third lens groups G 2 
and G 3 contribute to formation of the reduced image and to correction of the Petzval sum. In particular, the second 
lens group G 2 functions as a so-called field lens, and allows a light beam from a position near the optical axis of the 
first concave reflection mirror M n to pass therethrough. Thus, the light beam through second concave mirror ty> at a 
position near the optical axis and generation of aberration in the second concave reflection mirror M;> can be prevented. 

w The negative distortion generated in the second and third lens groups G 2 and G 3 is corrected by the positive distortion 
of the first lens group G v Lens groups (fourth and fifth lens groups G 4 and G s ) provisionally disposed in the vicinity of 
the concave reflection mirrors are effective to correct higher order spherical aberration generated by the concave 
reflection mirrors. When the concave reflection mirror is constituted to be a non-spherical mirror, since aberration 
generated by the concave reflection mirror is minimized, the fourth and fifth lens groups G 4 and G 5 may be omitted. 

is other objects, features, and effects of the present invention will become apparent from the following detailed 

description taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Fig. 1 shows an optical path of a first embodiment according to the present invention; 

Fig. 2 shows aberration of the first embodiment according to the present invention; 

Fig. 3 shows an optical path of a second embodiment according to the present invention; 

Fig. 4 shows aberration of the second embodiment according to the present invention; 

Fig. 5 shows an optical path of a third embodiment according to the present invention; 
25 Fig. 6 shows aberration of the third embodiment according to the present invention; 

Fig. 7 shows an optical path of a fourth embodiment according to the present invention; 

Fig. 8 shows aberration of the fourth embodiment according to the present invention; 

Fig. 9 shows an optical path of a fifth embodiment according to the present invention; 

Fig. 10 shows aberration of the fifth embodiment according to the present invention; 
30 Fig. 11 shows an optical path of a sixth embodiment according to the present invention; 

Fig. 12 shows aberration of the sixth embodiment according to the present invention; 

Fig. 13 shows an optical path of a seventh embodiment according to the present invention; 

Fig. 14 shows aberration of the seventh embodiment according to the present invention; 

Fig. 15 shows an optical path of an eighth embodiment according to the present invention; and 
35 Fig. 16 shows aberration of the eighth embodiment according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiments of the present invention will be described in detail hereinafter with reference to the 

40 accompanying drawings. 

Fig. 1 is an optical path diagram showing a construction of the first embodiment according to the present invention. 
As shown in Fig. 1 , a light beam from an object surface passes through a first lens group which comprises a biconvex 
positive lens L„ , a positive meniscus lens L 12 having a convex surface facing the object side, and a negative meniscus 
lens L 13 having a convex surface facing the object side, and has positive refractive power as a whole, and is reflected 

45 by a first concave reflection mirror M 1 having a magnification slightly smaller than unity. Then, the optical path is bent 
by a planar reflection mirror M 3 . The first lens group G 1 mainly functions to correct distortion and to maintain telecentric 
characteristics. The first lens group G, and the first concave reflection mirror M 1 form a primary reduced image l v 

A light beam from the primary image I, passes through a second lens group G 2 comprising a positive meniscus 
lens L 21 having a convex surface facing the primary image side, a negative meniscus lens having a concave surface 

so facing the primary image side, and a biconvex positive lens Lg 3 , and reaches a second concave reflection mirror M 2 
having an enlargement factor via a fourth lens group G 4 having negative refractive power. The second lens group G 2 
mainly functions to correct distortion and curvature of field, and functions as a field lens. The fourth lens group G 4 
comprises a negative meniscus lens having a convex surface facing the second concave reflection mirror Mj> side, and 
functions to correct aberrations caused by the first and second concave reflection mirrors M, and M 2 . 

55 The light beam reflected by the second concave reflection mirror Iv^ passes through the fourth lens group G 4 

again, and then becomes incident on a third lens group G 3 having positive refractive power. The third lens group G 3 
comprises, in succession from the incident side of a light beam, a negative meniscus lens L 31 having a concave lens 
facing the incident side, a positive meniscus lens L 32 having a convex surface facing the incident side, a positive 
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10 



15 



20 



25 



30 



w. n . i havino a convex surface facing the incident side, a biconcave negative lens L34, a biconvex positive 
meniscus lens L***^^™^' a c 9 Qnvex surf ace facing the incident side, and a positive meniscus lens 

Thatlng ^ZlZZ^X^ ^ ™» ™ ^ ^ G > ^ * *°T "T ThS 

f uncS ma Whe Petzva. sum by the first and second concave reflection mirrors M, and M 2 negative. The th.rd 
unction ot mawngi y reduction scale than that of the primary image l v 

^.n^aS^SStSiK the first lens group G-, and the first concave reflection mirror M n constitute 
u n« rrtial^ical system and the second concave reflection mirror ^ and the third lens group G 3 constitute a 

essential in the optical design. 

Table 1 



35 



40 



45 



50 



55 



No. 



1 

2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 



Radius ot Curvature 



(Object Surface) 
571.882 
-1107.127 
286.383 
2061.034 
323.826 
134.427 
-816.864 
-435.732 
-664.126 
231.231 
750.143 
-622.742 
723.951 
259.861 
891.669 
537.817 
891.669 
259.861 
-1642.894 
-356.710 
166.981 
-4368.603 
188.353 
489.910 
-401.443 
370.153 



Distance 



-Plane 


Refractive Index 






256.414 


1.0000 






35.000 


1.50890 


(quartz) 


L11 


13.569 


1.0000 






38.000 


1.50890 


(quartz) 


Li2 


143.443 


1.0000 






20.000 


1.50890 


(quartz) 


Lis 


535.000 


1.0000 




M 1 


-800.000 


-1.0000 




-25.000 


-1.50890 


(quartz) 


L 2 1 


-96.462 


-1.0000 






-25.000 


-1.50890 


(quartz) 


t-22 


-107.120 


-1.0000 






-59.000 


-1.50890 


(quartz) 


L23 


-616.105 


-1.0000 






-25.000 


-1.50890 


(quartz) 


G 4 


-28.536 


-1.0000 




Ma 


28.536 


1.0000 




25.000 


1.50890 


(quartz) 


G 4 


602.523 


1.0000 






12.745 


1.50890 


(quartz) 


Uai 


2.000 


1.0000 






32.465 


1.50890 


(quartz) 


L32 


0.201 


1.0000 






14.825 


1.50890 


(quartz) 


L33 


10.157 


1.0000 






10.220 


1.50890 


(quartz) 


L34 


3.669 


1.0000 
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Table 1 (continued) 





Data of First Embodiment 










No. 


Radius of Curvature 


Plane-to-Plane 


nt/llaULivc 1 1 MCA 






5 






Distance 










27 


1112.370 


53.780 


1.50890 


(quartz) 


L35 




28 


-387.055 


0.100 


1.0000 








29 


106.932 


70.805 


1.50890 


(quartz) 


i-36 




30 


329.200 


0.100 


1.0000 






10 


31 


153.221 


12.340 


1.50890 


(quartz) 


L37 




32 


983.363 


10.000 


1.0000 








33 


(Image Surface) 











' s <Condilion Corresponding \felues> 



so 



2$ 



30 



35 



40 



45 



50 



P G3 = 0.0761 
P M1 = -0.8606 
f>M2= -1225 

Fig 2 shows coma (or explaining the imaging performance of the first embodiment. Fig. 2 shows coma in the 
meridional direction at the center of the ring-shaped view field. As can be seen from Fig. 2. this embodiment maintains 
an excellent imaging performance. . , u w . 

As shown in Fig. 3, in a second embodiment according to the present invention, a light beam from the object 
surface passes through a first lens group G, which comprises a biconvex positive lens L 1V a positive meniscus lens 
L 12 having a convex surface facing the incident side of the light beam, and a negative meniscus lens L 13 having a 
convex surface facing the incident side, and has positive refractive power as a whole, and is then reflected by a first 
concave reflection mirror M, having a magnification slightly smaller than unity. The reflected light beam is deflected 
by a planar reflection mirror M 3 which is obliquely disposed at 45° with respect to an optical axis Ax, of the first lens 
group G, and then becomes incident on a second lens group G 2 of negative refractive power. The second lens group 
q comprises, in succession from the incident side of a light beam, a negative lens having a substantially plano- 
concave shape, a negative meniscus lens ^ having a concave surface facing the incident side, and a positive me- 
niscus lens L 23 having a concave surface facing the incident side, and forms a primary image I, as a reduced image 
of an object in the negative lens L^v 

The light beam emerging from the second lens group G 2 is reflected by a second concave reflection mirror Nfe 
having a magnification larger than unity via a fourth lens group G 4 of negative refractive power. The fourth lens group 
G 4 comprises a negative meniscus lens having a convex surface facing the second concave reflection mirror Mg- The 
light beam reflected by the second concave reflection mirror Ma is deflected by a planar reflection mirror M4, which is 
obliquely arranged at 45" with respect to an optical axis Ax 2 of the second lens group G 2> via the fourth lens group G 4 
again, and becomes incident on a third lens group G 3 of positive refractive power. The third lens group G 3 comprises, 
in succession from the incident side of a light beam, a biconvex positive lens L^, a negative meniscus lens having 
a concave surface facing the incident side, a biconvex positive lens L 33 , a negative meniscus lens L M having a concave 
surface facing the incident side, a positive meniscus lens L 35 having a concave surface facing the incident side, a 
negative meniscus lens L x having a concave surface facing the incident side, and a positive meniscus lens L, 7 having 
a convex surface facing the incident side, and forms a secondary image l 2 in a larger reduction scale than that of the 
primary image I,. The negative lens in the second lens group G 2 is arranged at only one side so as not to shield 
a light beam passing through the first lens group G,. 

The second embodiment, as well, has a reduction factor of +0.20 or 1/5 as a whole, and achieves a numerical 
aperture of (N.A.) of 0.45 in a ring-shaped view field centered at an arc having a radius of 20 mm from the optical axis. 
Table 2 below shows data of the second embodiment. 

In Table 2, the refractive index of each glass material corresponds to that at the wavelength (193 nm) of ArF. 



Data of Second Embodiment 






No. 


Radius of Curvature 


Plane-to-Plane Distance 


Refractive Index 








(Object Surface) 


169.405 


1.0000 







55 
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Table 2 (continued) 



10 



15 



20 



25 



No. 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 



30 



35 



40 



45 



50 



55 



12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
26 
27 
28 
29 
30 
31 
32 
33 



Radius of Curva ture 

901.701 
-510.578 
220.954 
318.898 
295.985 
109.856 
-644.876 
125.313 
■19308.942 
285.898 
239.639 
838.750 
270.000 
690.339 
1371.252 
769.864 
1371.252 
690.339 
193.080 
-330.493 
-237.620 
-404.696 
84.943 
-168.592 
-164.717 
-296.532 
-201.221 
-184.897 
-353.513 
-514.935 
170.098 
642.145 
(Image I 



rriiuuuu j id ii 

Pian^ Distance 


Retractive Index 




in (\7^ 


1.560194 


(quartz) 


DO.OOO 


1 .0000 




DU.Uw 


1.560194 


(quartz) 


11U.UUU 


1 .0000 




no 


1.560194 


(quartz) 


544. 112 


1 .0000 




C7Q OA*7 


-1 .0000 




on nnn 


-1.560194 


(quartz) 


-133.UDD 


-1 .0000 


(quartz) 


-4U. oO / 


-1.560194 


no cert 


-1 .0000 






-1.560194 


(quartz) 


-41 3.387 


-1.0000 




on nnn 


-1.560194 


(quartz) 


-SS.oUo 


-1 .0000 




oo.ouo 


1.0000 




on nnn 


1.560194 


(quartz) 


/i"7D m o. 


1.0000 




19.1U/ 


1.501375 


(fluorite) 


Q 10Q 


1.0000 




/i Dnnn 


1.560194 


(quartz) 


n mn 


1.0000 






1.501375 


(fluorite) 


n qao 


1.0000 




13.099 


1.560194 


(quartz) 


2.263 


1.0000 




24.203 


1.501375 


(fluorite) 


0.552 


1.0000 




16.515 


1.560194 


(quartz) 


0.691 


1.0000 




29.846 


1.560194 


(quartz) 


6.065 


1.0000 





11 
L 12 

Lis 

M 1 
L21 

L22 
L 2 3 

G4 



L31 
L32 
L33 

L34 

L35 

L 36 
I-37 



Condition Corresponding Values> 

P G 3= 02013 
Pmi = - 0762 
Pm 2 = -0- 974 

Fi,4shows coma tor explain^^ 
meridional direction at the center o, the **<^^J££» at 192.9 nm, and a dotted 

1 93.3 nm, a broken curve longer the curve ^T^^l ^ second embodiment can achieve correction ol 

third embodiment ot the present invent™ w, be ^^^^^^^^ 
a light beam from the object surface passes through a first ton. graup G^whrc comp P ^ ^ 



7 



EP 0 604 093 B1 



10 



15 



20 



25 



30 



35 



mi rmr M which has a magnification slightly smaller than unity, via a fifth lens group G 5 . The fifth lens group G 5 
™isesan^ 

3ect aberrato generated by the first concave reflection mirror M, and second concave reflection mirror M 2 . The 
iZ^rllS by the first concave reflection mirror M, is deflected by a planar reflection m.rror M 3 « the Mh 
L«, ™ Q aaain and becomes incident on a second lens group G 2 of posrtwe refractive power. 

tSSSZ^oSZ M 3 is obliquely arranged at 45- with respect to an optical axis Ax, of the first lens group 
Gl «hef itth and first lens group G 5 and G, . The second lens group G 2 composes ,s b = x 

m^bZ ll a biconcave negative lens and a positive meniscus lens l* 3 hav.ng a concave surface acing 
sWerf a light beam. The light beam incident on the second lens group G 2 forms a primary image |, as a 

ed^ 

by a fourth planar reflection mirror M 4 which is obliquely arranged at 45' with respect to an optica axis A* 2 of the 
secoSens group G 2 is reflected by the second concave reflection mirror M, having a magnrfication larger than unity 
!nH ,h« SmesTncident on a third lens group G 3 of positive refractive power. The third lens group G 3 comprises a 
bico vex n C m«ieu! lens L 32 having a convex surface facing the incident side, a positive 

men^u^^ 

a oirtK/e menLus lens L3* having a convex surface facing the incident side, and a pos,tn,e men.scus lens 
Sng a" nvex suLe facing *. incident side. The third lens grcup G 3 forms a secondary image l 2 ,n a larger 

reduction scale than that of the primary image ^ at the exit side thereof . 

^^3iSS*n«« has a'reduction factor of + 0.25 or 1/4 as a who,e and achieves a numenaa. aperture of (N. 

A.) of 0 45 in a ring-shaped view field centered a. an arc having a radius of 20 mm from the opt.cal ax.s. 

Table 3 below shows data of the third embodiment. v , v.c 

iflabfe S " the ref ractive index of each glass material corresponds to that at the wavelength (248 nm) of KrF. 

Table 3 



Data of Third Embodiment 



No. 



40 



45 



SO 



55 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 



Radius of Curvature 



(Object Surface) 
-1726.924 . 
260.643 
214.288 
-3184.516 
-634.272 
142.779 
-324.815 
-1599.830 
-537.154 
-1599.830 
-324.815 
-286.947 
1629.963 
165.609 
-750.059 
343.901 
154.033 
962.895 
149.915 
-187.485 
-186.839 
-727.375 
117.358 
647.785 
-284.413 
193.285 



-Plane Distance 


Refractive Index 






196.209 


1.0000 






54.622 


1.508385 


(quartz) 


L11 


0.100 


1.0000 






55.000 


1 .508385 


(quartz) 


L12 


61.226 


1.0000 






15.000 


1.508385 


(quartz) 


L13 


209.364 


1.0000 






20.000 


1.508385 


(quartz) 


G 5 


223.380 


1.0000 






-223.380 


-1.0000 






-20.000 


-1.508385 


(quartz) 


G 5 


-355.860 


-1.0000 






-55.000 


-1.508385 


(quartz) 


1-21 


-101.890 


-1.0000 






-15.000 


-1.508385 


(quartz) 


I-22 


-20.606 


-1.0000 






-39.768 


-1.508385 


(quartz) 


L 23 


-630.899 


-1.0000 






630.899 


1.0000 




M 2 - 


32.150 


1.467877 


(fluorite) 


L 3 1 


0.100 


1.0000 






7.000 


1.508385 


(quartz) 


L32 


0.100 


1.0000 






20,864 


1.508385 


(quartz) 


L33 


8.591 


1.0000 






15.450 


1.508385 


(quartz) 


L34 


4.300 


1.0000 
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Table 3 (continued) 



Data of Third Embodiment 


Nn 


RaHiitQ of ritirv/flttirA 


Plflnp-to-Plane Distanep 


R^frartiwo InHov 

iiclldUllVU IIIUcA 






27 


388.801 


36.187 


1.467877 


(fluorite) 


L35 


28 


-216.450 


0.100 


1.0000 






29 


113.246 


19.238 


1.467877 


(fluorite) 


L 36 


30 


459.066 


0.100 


1.0000 






31 


221.661 


33.854 


1.508385 


(quartz) 


L37 


32 


1502.269 


15.400 


1.0000 






33 


(Image Surface) 











<Condition Corresponding Values> 



Pg3= 0-1342 
Pmi= -1058 
P M2 = -2.008 

Fig. 6 shows coma for explaining the imaging performance of the third embodiment. Fig. 6 shows coma in the 
meridional direction at the center of the ring-shaped view field. Note that a solid curve in Fig. 6 represents coma at 
248.4 nm, an alternate long and short dashed curve represents coma at 252.4 nm, and an alternate long and two short 
dashed curve represents coma at 244.4 nm. As can be seen from Fig. 6, the third embodiment can achieve correction 
of chromatic aberration within a range of ±4 nm at the wavelength of KrF, and maintains an excellent imaging perform- 
ance. 

A fourth embodiment of the present invention will be described below with reference to Fig. 7. In the fourth em- 
bodiment, as shown in Fig. 7, a light beam from the object surface is incident on a first lens group of positive 
refractive power. In the first lens group Gj , the light beam passes through a positive meniscus lens having a concave 
surface facing the incident side of a light beam, and is then deflected by a planar reflection mirror M3 which is obliquely 
arranged at 45° with respect to an optical axis Ax n of the first lens group G v The deflected light beam passes through 
a biconvex positive lens L 12 and a negative meniscus lens L 13 having a convex surface facing the incident side of a 
light beam, and then reaches a first concave reflection mirror having a magnification slightly smaller than unity via 
a fifth lens group G 5 of negative refractive power The fifth lens group G 5 comprises a negative meniscus lens having 
a convex surface facing the first concave reflection mirror side. The light beam reflected by the first concave reflection 
mirror Mj forms a primary image I, as a reduced image of an object via the fifth lens group G 5 again and a second 
lens group G 2 of positive refractive power. 

The second lens group G 2 comprises, in succession from the incident side of a light beam, a biconvex positive 
lens L^, a negative meniscus lens l_2 2 having a concave surface facing the incident side, and a positive meniscus lens 
L 23 having a concave surface facing the incident side. The light beam from the primary image Ij is reflected by a second 
concave reflection mirror M 2 having a magnification larger than unity. The optical path of the reflected light beam is 
deflected by a planar reflection mirror M4, and the light beam then reaches a third lens group G 3 of positive refractive 
power. The planar reflection mirror M 4 is obliquely arranged at 45° with respect to an optical axis Ax 3 of the third lens 
group G 3 . The third lens group G 3 comprises, in succession from the incident side of a light beam, a biconvex positive 
lens L 31 , a negative meniscus lens L 32 having a concave surface facing the incident side, a positive meniscus lens L33 
having a convex lens facing the incident side, a biconcave negative lens L34, a positive meniscus lens having a 
convex surface facing the incident side, a positive meniscus lens L 36 having a convex surface facing the incident side, 
and a positive meniscus lens L 37 having a convex surface facing the incident side, and forms a secondary image l 2 in 
a larger reduction scale than that of the primary image I, at its exit side. The positive lens L 12 and the negative lens 
L 13 of the first lens group G 1 are arranged at only one side so as to allow a light beam toward the first concave reflection 
mirror to pass therethrough without shielding a light beam in the second lens group G^. The second lens group G 2 is 
arranged at only one side so as to guide a light beam from the first concave reflection mirror M 1 without shielding a 
light beam in the first lens group G v 

The fourth embodiment has a reduction factor of +0.25 or 1/4 as a whole, and achieves a numerical aperture of 
(N.A.) of 0,30 in a ring-shaped view field centered at an arc having a radius of 20 mm from the optical axis. 

Table 4 below shows data of the fourth embodiment. 

In Table 4, the refractive index of each glass material corresponds to that at the wavelength (248 nm) of KrF. 
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Table 4 



5 



10 



20 



30 



35 



40 



Data of Fourth Embodiment 


No. 


Radius of Curvature 


Plane-to-Plane Distance 


Refractive Index 










t yo.u 1 0 


1 nnnn 
I .uuuu 






i 


-O 1 0/ . 1 


oo.uuu 


l .OUoooo 


(quartz) 


L 11 


o 

& 


-342.424 




1 nnnn 






o 
o 


41 R P.P.P. 


OO.UUU 


l .ouoooo 


(quartz) 


L 12 


A 
*r 


-9Q71 Qfi1 


n mn 

u. 1 uw 


1 nnnn 

1 .uuuu 






c 
O 


47Q 0^1 


nnn 


I .ouoooo 


(quartz) 


1 

L 13 


O 


91 Q flfif) 


01 4 onn 

O 1 *t.OUU 


1 nnnn 
1 .uuuu 






f 


1 Q4 £91 


1 a nnn 
i o.uuu 


1 .OUoooo 


(quartz) 


G 5 


a 
o 


-T7n 4Q1 


I Oy.*fUU 


1 nnnn 

I .uuuu 






Q 

y 


-OOD.^O l 


1 f^o yinn 


1 nnnn 
-1 .uuuu 




KA 

Ml 


I U 


-Q7fl 4Q1 


10 nnn 
- 1 o.uuu 


- 1 .OUOOOO 


iquarizj 


^5 


11 
1 1 


-194.621 


-1A7 finn 

lor .OvU 


-1 nnnn 

1 .uuuu 






l c. 


07C C7Q 

/ 0.0/ y 


on enn 
oo.ouu 


- 1 .OUOOOO 


(quartz) 


L 21 


1 o 


CfY7 CfM 


-119 *3^n 


-1 nnnn 

1 .uuuu 






1 A 


1 'w.yuy 


c enn 
-o.ouu 


- 1 .OUoooo 


^quanzj 


1 

L 22 


15 


-700.764 


-35.700 


-1 .0000 






1fi 
1 U 


1QQ cnfi 


_oc nnn 


1 .ouoooo 


(rt\ lart - ^ 
IUjUcU kl. ) 


I 

L 23 


17 


1 37.057 


-7Q^ BOO 


-1.0000 






1 o 


004 RQQ 


RQ7 mn 
oy / . i uu 


1 nnnn 
I .uuuu 




IVI2 


19 


167.048 


23.800 


1 .467877 


^1 lUvl HC f 


L 31 


?n 

tu 


.one pen 

OU«J. C.iJ\J 


^ 9^n 


1 nnnn 

I .uuuu 






21 


-26Q 515 


6.500 






L 32 . 




1fif)9 97Q 


n mn 

U. IUU 


1 nnnn 

I .uuuu 






23 






1 467877 


M 1 UUI lie J 


L 33 


94 


^Q4 QAQ 


p nnn 
o.uuu 


1 nnnn 
I .uuuu 






25 


-2442.622 


28.500 


1.508385 


(quartz) 




26 


51.803 


1.350 


1.0000 






27 


52.498 


23.600 


1.467877 


(fluorite) 


L35 


28 


895.515 


0.100 


1.0000 






29 


159.859 


23.400 


1.467877 


(fluorite) 


L 3S 


30 


1657.174 


0.100 


1.0000 






31 


216.018 


7.500 


1.508385 


(quartz) 


L37 


32 


434.319 


15.000 


1.0000 






33 


(Image Surface) 











<Condition Corresponding \^lues> 



p G3 = 0.2035 
p M1 = -0.8795 
P M2 = -1-684 

Fig. 8 shows coma for explaining the imaging performance of the fourth embodiment. Fig. 8 shows coma in the 
meridional direction at the center of the ring-shaped view field. Note that a solid curve in Fig. 8 represents coma at 
248.4 nm, a broken curve represents coma at 238.4 nm, and a dotted curve represents coma at 258.4 nm. As can be 
seen from Fig. 8, the fourth embodiment can achieve correction of chromatic aberration within a range of ±10 nm at 
the wavelength of KrF, and maintains an excellent imaging performance. 

A fifth embodiment of the present invention will be described below with reference to Fig. 9. In the fifth embodiment 
shown in Fig. 9, a second concave reflection mirror M2 comprises a reflection mirror having a non-spherical surface. 
Referring to Fig. 9, a light beam from the object surface reaches a first concave reflection mirror Mj having a magni- 
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fication slightly smaller than unity via a first lens group which comprises a positive meniscus lens L n having a 
concave surface facing the incident side of a light beam, a positive meniscus lens L 12 having a convex surface facing 
the incident side, a positive meniscus lens L 13 having a convex surface facing the incident side, and a positive meniscus 
lens L 14 having a convex surface facing the incident side, and has positive refractive power as a whole, and a fifth lens 
group G 5 of negative refractive power. The fifth lens group G 5 comprises a negative meniscus lens having a convex 
surface facing the first concave reflection mirror side. The light beam reflected by the first concave reflection mirror M, 
is deflected by a planar reflection mirror M 3 , which is obliquely arranged at 45° with respect to an optical axis to, of 
the first lens group G lt via the fifth lens group G 5 again, and then becomes incident on a second lens group G 2 of 
negative refractive power. The second lens group G 2 comprises a biconvex positive lens L^, a biconcave negative 
lens L22, and a positive meniscus lens having a convex surface facing the incident side of a light beam, and forms 
a primary reduced image l 1 at its exit side. 

The light beam from the primary image I, is deflected by a planar reflection mirror M 4 which is obliquely arranged 
at 45° with respect to an optical axis Ax 2 of the second lens group G 2 , and reaches a second concave reflection mirror 
M 2 having a magnification larger than unity and a non-spherical shape. The light beam reflected by the second concave 
reflection mirror M 2 becomes incident on a third lens group G 3 of positive refractive power. The third lens group G 3 
comprises a biconvex positive lens L 31 , a biconcave negative lens L 32 , a biconvex positive lens L 33 , a positive meniscus 
lens L34 having a convex surface facing the incident side of a light beam, a positive meniscus lens having a convex 
surface facing the incident side, a negative meniscus lens Lj 6 having a convex surface facing the incident side, and a 
positive meniscus lens L 37 having a convex surface facing the incident side, and forms a secondary image l 2 in a larger 
reduction scale than that of the primary image l v 

The fifth embodiment has a reduction factor of +0.25 or 1/4 as a whole, and achieves a numerical aperture of (N. 
A.) of 0.5 in a ring-shaped view field centered at an arc having a radius of 24.25 mm from the optical axis. 

Table 5 below shows data of the fifth embodiment. 

In Table 5, as for the non-spherical reflection surface, only the radius of paraxial curvature is presented, and when 
a tangential plane at the vertex of a non-spherical surface is considered, a position, where the optical axis passes, on 
the tangential plane is defined as an origin, and a displacement, in the optical axis direction, of the non-spherical surface 
at a position of a height y on the tangential plane is represented by x with reference to the vertex of the non-spherical 
surface while the propagating direction of light is assumed to be the positive direction, the non-spherical surface shape 
is given by the following equation: 



x = cy 2 /{1 +(1-KC 2 y 2 ) 1/2 } 
+ C 4 y 4 + C 6 y 6 + C 8 y 8 +C 10 y 10 

where c is the curvature (the reciprocal number of the radius r of curvature) of the non-spherical surface at the vertex 
of the non-spherical surface, k is a quadrics parameter, and C 4 , C 6 , C 6 , and C 10 are non-spherical surface coefficients. 
In Table 5, the refractive index of each glass material corresponds to that at the wavelength (248 nm) of KrF. 



Table 5 



Fifth Embodiment 






No. 


Radius of Curvature 


Plane-to-Plane 


Refractive Index 










Distance 










(Object Surface) 


537.071 


1.0000 






1 


-13337.695 


38.029 


1.508385 


(quartz) 


L11 


2 


-559.442 


0.100 


1.0000 






3 


329.313 


71.406 


1.508385 


(quartz) 


L12 


4 


4423.247 


0.100 


1.0000 






5 


208.809 


57.000 


1.508385 


(quartz) 


Lis 


6 


247.488 


54.831 


1.0000 






7 


889.869 


50.000 


1.508385 


(quartz) 


L14 


8 


140.636 


362.130 


1.0000 






9 


-277.199 


15.000 


1.508385 


(quartz) 


G 5 


10 


-485.421 


540.415 


1.0000 




M 1 


11 


-1017.359 


-540.415 


-1.0000 
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Table 5 (continued) 



10 



20 



25 



30 



Fifth Embodiment 


No. 


Radius of Curvature 


Plane-to-Plane 
Distance 


Refractive Index 






12 


-485.421 


-15.000 


-1.508385 


(quartz) 


G 5 


13 


-277.199 


-326.174 


-1.0000 






14 


-494.427 


-48.250 


-1.508385 


(quartz) 


1-21 


15 


491.077 


-38.033 


-1.0000 






16 


361.893 


-10.000 


-1.508385 


(quartz) 


L 22 


17 


-260.009 


-40.978 


-1.0000 






18 


-279.421 


-17.860 


-1.508385 


(quartz) 


I-23 


19 


-543.231 


-934.426 


-1.0000 






20 


1153.584 


773.262 


1.0000 


(non-spherical) 


M 2 


21 


187.601 


29.381 


1.467877 


(fluorite) 


1-31 


22 


-1450.353 


6.033 


1.0000 






23 


-391.392 


9.000 


1.508385 


(quartz) 


L 32 


24 


179.475 


3.183 


1.0000 






25 


213.669 


29.199 


1.467877 


(fluorite) 


L 33 


26 


-621.952 


0.100 


1.0000 






27 


137.369 


29.803 


1.508385 


(quartz) 


L34 


28 


458.595 


0.1 Ou 


1 . UUUU 






29 


135.180 


28.421 


1.467877 


(fluorite) 


^35 


30 


268.007 


0.100 


1.0000 






31 


121.989 


16.840 


1.508385 


(quartz) 


L 36 


32 


87.217 


11.990 


1.0000 






33 


111.525 


42.765 


1.467877 


(fluorite) 


L37 


34 


841 .067 


19.747 


1.0000 






35 


(Image Surface) 











<Non-spherical Surface Coefficient 

35 

21st surface (second concave reflection mirror M 2 ) 

K 1.0 

C 4 0.980896 X 10-10 

40 C 6 0.374676 X 10" 15 

C 8 0.830862 X 10- 21 

C 10 0.705084 X 10" 26 

<Condition Corresponding values> 

45 

P G3 = 0.157 

Pmi= -° 811 
P M 2 = -1-733 

so Fig. 10 shows coma of the fifth embodiment. Fig. 10 shows coma in the meridional direction at the center of the 

ring-shaped view field. As can be seen from Fig. 10, the fifth embodiment maintains an excellent imaging performance. 

A sixth embodiment of the present invention will be described below with reference to Fig. 11 . In the sixth embod- 
iment, each of first and second concave reflection mirrors Iv^ and M 2 has a non-spherical reflection surface. Referring 
to Fig. 1 1 , a light beam from the object surface passes through a first lens group which comprises a biconvex positive 

55 lens L 11t a positive meniscus lens L 12 having a convex surface facing the incident side of a light beam, a negative 
meniscus lens L 13 having a convex surface facing the incident side, and a negative meniscus lens L 14 having a convex 
surface facing the incident side, and has positive refractive power as a whole, and then reaches a first concave reflection 
mirror f^ having a magnification slightly smaller than unity via a fifth lens group G 5 of negative refractive power. The 
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10 



15 



20 



fifth lens group G 5 comprises a negative meniscus lens having a convex surface facing the first concave reflection 
mirror M-, side. 

The light beam reflected by the first concave reflection mirror is deflected by a planar reflection mirror M 3 , which 
is obliquely arranged at 45° with respect to an optical axis Ax, of the first tens group G lf via the fifth lens group G 5 
again and becomes incident on a second lens group G 2 of negative refractive power The second lens group G 2 
comprises a negative meniscus lens L 21 having a convex surface facing the incident side of a light beam, a biconcave 
negative lens L* 2 . and a biconvex positive lens L^, and forms a primary image I, as a reduced image of an object 
between the negative lens and the positive lens L 23 . The light beam emerging from the second lens group G 2 is 
deflected by a planar reflection mirror M 4 , which is obliquely arranged at 45° with respect to an optical axis Axj> of the 
second lens group G 2 , and reaches a second concave reflection mirror M 2 having a magnification larger than unity. 
The light beam reflected by the second concave reflection mirror M;> is incident on a third lens group G 3 of positive 
refractive power. The third lens group G 3 comprises, in succession from the incident side of a light beam, a negative 
meniscus lens L 31 having a convex surface facing the object side, a biconvex positive lens Lgg. a positive meniscus 
lens L 33 having a convex surface facing the incident side, a negative meniscus lens L34 having a concave surface 
facing the incident side, and a biconvex positive lens L 35 , and forms a secondary image l 2 in a larger reduction scale 
than that of the primary image \ A at the exit side of the third lens group G 3 . 

The sixth embodiment, as well, has a reduction factor of +0.25 or 1/4 as a whole, and achieves a numerical aperture 
of (N.A.) of 0.45 in a ring-shaped view field centered at an arc having a radius of 24.25 mm from the optical axis. 

Table 6 below shows data of the sixth embodiment. 

Note that the radius of curvature of each of the first and second concave reflection mirrors M, and M 2 shown in 
Table 6 is the radius of paraxial curvature, and the non-spherical surface coefficients of these first and second reflection 
mirrors and M 2 are separately listed. The refractive index of each glass material corresponds to that at the wave- 
length (248 nm) of KrR 

Table 6 



£.0 


Sixth Embodiment 








No. 


Radius of Curvature 


Plane-to-Plane 
Distance 


Refractive Index 






30 




(Object Surface) 


414.498 


1.0000 








1 


8211.322 


38.636 


1 .508385 


(quartz) 






2 


-439.506 


0.100 


1.0000 








3 


239.531 


74.172 


1.508385 


(quartz) 


L12 




4 


1059.356 


0.100 


1.0000 






35 


5 


220.874 


71.349 


1.508385 


(quartz) 


L13 




6 


192.087 


28.244 


1.0000 








7 


9114.936 


13.285 


1.508385 


(quartz) 


L14 




8 


135.907 


347.569 


1.0000 






40 


9 


-236.652 


19.683 


1.508385 


(quartz) 


G 5 




10 


-287.731 


551.277 


1.0000 








11 


-1024.933 


-551.277 


-1.0000 


(non-spherical) 






12 


-287.731 


-19.683 


-1.508385 


(quartz) 


G 5 




13 


-236.652 


-314.837 


-1.0000 






45 


14 


-149.845 


-31.308 


-1.508385 


(quartz) 


L21 




15 


-137.269 


-33.137 


-1.0000 








16 


257.207 


-10.000 


-1.508385 


(quartz) 


L22 




17 


-315.674 


-37.792 


-1.0000 






50 


18 


-459.634 


-27.954 


-1.508385 


(quartz) 


L 23 




19 


431.125 


-848.560 


-1.0000 








20 


1044.120 


752.496 


1.0000 


(non-spherical) 


M 2 




21 


106.792 


12.000 


1.508385 


(quartz) 


L31 




22 


105.550 


24.044 


1.0000 






55 


23 


344.933 


16.641 


1.508385 


(quartz) 


L32 




24 


-1397.225 


0.100 


1.0000 








25 


105.435 


30.284 


1.508385 


(quartz) 


L 33 
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Table 6 (continued) 



10 



Sixth Embodiment 


No. 


Radius of Curvature 


Plane-to-Plane 


Refractive Index 










Distance 








26 


890.603 


8.066 


1.0000 






27 


-297.345 


32.551 


1.508385 


(quartz) 




28 


-486.516 


1.643 


1.0000 






29 


154.666 


44.945 


1.508385 


(quartz) 


L35 


30 


-706.316 


24.770 


1.0000 






31 


(Image Surface) 











<Non-spherical Surface Coefficient 

15 

11th surface (first concave reflection mirror 
k 10 

C 4 -0.395493 X 10' 12 
20 c 6 -0.168923 X 10- 16 
C 8 -0.338178 X 10- 22 
C 10 -0.134005 X 10- 26 

20th surface (second concave reflection mirror M 2 ) 

25 

k 1.0 

C 4 0.340990 X 10* 10 

C 6 0.116056 X 10' 15 

C 8 0.245212 X 10" 21 

30 C 10 0,260273 X 10" 26 

<Condition Corresponding values> 

P G3 = 0.238 
35 Pmi = -0-800 
P M2 = "1-357 

Fig. 12 shows coma of the sixth embodiment. Fig. 12 shows coma in the meridional direction at the center of the 
ring-shaped view field. As can be seen from Fig. 1 2, the sixth embodiment maintains an excellent imaging performance. 

40 A seventh embodiment of the present invention will be described below with reference to Fig. 1 3. Referring to Fig. 

13, a light beam from the object surface emerges from a first lens group which comprises a biconvex positive lens 
L n , a positive meniscus lens L 12 having a convex surface facing the incident side of a light beam, a positive meniscus 
lens L 13 having a convex surface facing the incident side of a light beam, and a negative meniscus lens L 14 having a 
convex surface facing the incident side, and has positive refractive power as a whole, and is deflected by a planar 

4$ reflection mirror M 3 which is obliquely arranged at 45° with respect to an optical axis Ax 1 of the first lens group G 1 . The 
deflected light beam reaches a first concave reflection mirror M-, having a magnification slightly smaller than unity via 
a fifth lens group G 5 of negative refractive power. The fifth lens group G 5 comprises a negative meniscus lens having 
a convex surface facing the first concave reflection mirror M v The light beam reflected by the first concave reflection 
mirror M 1 is incident on a second lens group G 2 of negative refractive power via the second lens group G 5 again. The 

so second lens group G 2 comprises a negative meniscus lens having a convex surface facing the incident side of a 
light beam, a biconcave negative lens L^, a positive meniscus lens 1^3 having a concave surface facing the incident 
side, and a positive meniscus lens l_2 4 having a concave surface facing the incident side, and forms a primary image 
\^ as a reduced image of an object in the optical path between the negative lenses L 21 and L 22 . Note that the negative 
lens L 21 in the second lens group is arranged at only one side of the optical axis AX2 so as not to shield the optical 

55 path extending from the first lens group G t toward the first concave reflection mirror M v 

The light beam emerging from the second lens group G 2 is deflected by a planar reflection mirror M 4 which is 
obliquely arranged at 45° with respect to the optical axis Ax 2 of the second lens group G 2 , is reflected by a second 
concave reflection mirror M 2 having a magnification larger than unity, and then becomes incident on a third lens group 
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G 3 of positive refractive power. The third lens group G 3 comprises a negative meniscus lens L 31 having a convex 
surface facing the incident side of a light beam, a biconvex positive lens L 32 , a positive meniscus lens L 33 having a 
convex surface facing the incident side, a biconcave negative lens L^, and a biconvex positive lens L 35 , and forms a 
secondary image l 2 in a larger reduction scale than that of the primary image l v 
5 The seventh embodiment has a reduction factor of +0.25 or 1/4 as a whole, and achieves a numerical aperture of 

(N.A.) of 0.4 in a ring-shaped view field centered at an arc having a radius of 25 mm from the optical axis. 
Table 7 below shows data of the seventh embodiment. 

In Table 7, the refractive index of each glass material corresponds to that at the wavelength (193 nm) of ArF. 



Table 7 



20 



40 



so 



Seventh Embodiment 


No. 


Radius of Curvature 


"iane-LU-"idno uioictiiuo 


noi i awuvo 1 i iuoa 








(Object Surface) 


298.019 


1.0000 






1 


4860.661 


33.000 


1.501375 


(fluorite) 


1-11 


2 


-410.727 


0.100 


1 .0000 






3 


202.797 


73.000 


1.501375 


(fluorite) 


L12 


4 


221.645 


12.851 


1 .0000 
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<Condition Corresponding Values> 



55 Pg3= 0373 

Pmi= -°- 814 
p M2 = -0.993 
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10 



15 



20 



25 



30 



maln ; alnS ^HS»r»^.Tl™to> wi. be ascribed below with rim to Fig. 15. Relefflng B F» 

,,^-™^ 

L„ , a biconvex pos.to to, U« a n=s«»e me^u^ 

group G, . The deflected hght b ^^e rZtxWe power. The fifth lens group G 5 comprises a negative meniscus 
than unity via a fifth lens group G 5 ol negative reiracuv* v reflected by the first 

lens having a convex surface facing the first "^.^^^.S^^iX^ ,he fifth lens group 
concave reflection mirror M, is incident on a second ^J^^^jSK a convex surface facing the 

concave reflection mirror M2 having a magnification larger than i unit* *™ h . convex 

image I, at its exit side. « 9 , nr1 „ as a and achieves a numerical aperture of 
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No. 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 



Radius of Curv ature 

1939.060 



239.738 
1073.545 
89.424 
82.394 
612.232 
-1320.781 
86.666 
-1224.142 
-224.139 
-236.345 
165.225 
43423.922 

(Image Surface) 



Table 8 (continued) 
Eighth Embodiment 

Plane-to-Plane Distance 
■37.447 
•905.619 
806.574 
16.314 
13.739 
15.000 
0.100 
25.509 
4.770 
36.310 
0.589 
24.171 
15.000 



Refr active Inde x 
-1 .508385 
-1 .0000 
1 .0000 
1 .508385 
1 .0000 
1 .508385 
1.0000 
1 .508385 
1.0000 
1.508385 
1.0000 
1 .508385 
1.0000 



(quartz) 

(quartz) 
(quartz) 
(quartz) 
(quartz) 
(quartz) 



L 24 

M 2 
L32 

L 33 
1-34 
L35 



<Condition Corresponding Values> 

P G 3= °- 400 

Pm= "° 797 
p M2= -0.934 

optical system is not limited to a reduced .mag* const ituted to satisfy the above-mentioned cond.- 

,n each of the above ° mbodimen ^^^ optical system do not interfere with each 

tions, the optical members constrtuting the oa ad op c educ on p o ^ ^ be 

executing scanning exposure can be sim P llf,ed h h tecnnica , contents of the present invention, and 

be made without departing from the scope of the invent.on. 



Claims 

1. A catadioptric reduction projection optical system comprising: 



sid., a lirsi tens 9-oup (G,) ol pos.wej rrtacwe P°*«^ " session Imr, Ih. obiect si*, a 

0.05 <p e3 < 0.6, 



17 



EP 0 604 093 B1 



10 



15 



and 

wherein a magnification p M1 of said first concave reflection mirror (M-,) satisfies: 

Pmi < - 0 - 7 

2. A system according to claim 1 , wherein the magnification P M1 of said first concave reflection mirror (Mj) satisfies: 

-2°<P M , 

3. A system according to claim 1 or 2, wherein a magnification p M2 °* said second concave reflection mirror (M 2 ) 
satisfies: 

-2.5 < p M2 < -0.7 



4. A system according to claim 1 , 2 or 3, wherein said first sub-system forms a reduced image (l^ of the object. 

20 5. A system according to any of claims 1 to 4, wherein said second lens group (G 2 ) is constituted to direct a light 
from a position substantially on an optical axis of said first concave reflection mirror (M^ to a position substantially 
on an optical axis of said second concave reflection mirror (M 2 ). 

6. A system according to any of claims 1 to 5, further comprising: 

25 a provisional lens group (G 4 , G 5 ) arranged in the vicinity of at least one of said first and second concave 

reflection mirrors (M 1 , M 2 ). 

7. A system according to claim 6, wherein said provisional lens group (G 4 , G 5 ) has a function of correcting an aber- 
ration generated by the concave reflection mirror (M-,, M 2 ). 

30 

8. A system according to claim 7, wherein said provisional lens group (G 4 , G 5 ) includes a meniscus lens component 
having a convex surface facing the concave reflection mirror (M 1f M 2 ). 

9. A system according to any of claims 1 to 8, wherein a negative Petzval sum generated by said first and second 
35 concave reflection mirrors (M 1( M 2 ) is corrected by a positive Petzval sum generated by said third lens group (G 3 ). 

1 0. A system according to any of claims 1 to 9, wherein at least one of said first and second concave reflection mirrors 
(Mj , M 2 ) has a non-spherical reflection surface. 

40 11. A system according to any of claims 1 to 10, wherein at least one of said first to third lens groups (G 1( G 2 , G 3 ) 
consists of at least two different glass materials thereby correcting chromatic aberration. 

12. A system according to claim 11, wherein the at least two different glass materials include quartz glassandfluorite. 

45 13. A system according to claim 12, wherein said first to third lens groups (G,, G 2 , G 3 ) consist of quartz glass and 
fluorrte. 

14. A system according to any of claims 1 to 10, wherein said first to third lens groups (G 1f G 2 , G 3 ) consist of at least 
one of quartz glass and fluorite. 



so 



ss 



15. A system according to claim 14, wherein said first to third lens groups (G, , G 3 ) consist of quartz glass. 

1 6. A system according to any of claims 1 to 1 5, further comprising: 

at least two planar reflection mirrors (M 3 , M 4 ), which make an image surface (l 2 ) parallel to an object surface. 

17. A system according to claim 16, wherein one of said at least two planar mirrors (N^) is arranged in an optical path 
between the object surface and the primary image (l^, and 

the planar reflection mirror (M 4 ) different from said one planar reflection mirror (M 3 ) is arranged in an optical 
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path between the primary image (I,) and the image surlace (l 2 ). 

object side, a lens component (L,, , L 12 , L13) 01 posnwe reirduu k 
5 retractive power. 

side. 

light incidence side, a lens component (l^ , L^, L^) ot negauve reira v 
of positive refractive power. 

„ ,„ si «hsreln said positive Mis component do) tasted <*••*' lo the obieel side in 

one side of an optical axis. 
24. A system according to claim 1 having a ring-shaped view field. 

Patentanspruche 

1 Verkleinerndes katadioptrisches Projektionssystem, umfassend: 

flexTnsspiegel (M 2 ) and eine dritte Linsengruppe (G 3 ) poster Brechkraft, 
wobei die VergroBerung » G3 der dniten Linsengruppe (G 3 ) der Bedingung genugt: 

0.05 <p G3 < 0.6, 



15 



20 



25 



30 



35 



40 



4S wli die Verging p M1 des ersten konkaven Ref.exionsspie 9 e,s <») die Bedingung .no* 

P M1 <-0,7. 

-2,0<p MV 

55 3 - rss^*^^'---^ w *~ , * 
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-2.5<P M2 <-0.7- 



4 Svstem nach Anspruch 1 , 2 oder 3, bei dem 

das e"te Subsystem ein verkleinertes Bild (M des Objekts erzeugt. 

5. System nach einem der Anspruche 1 bis 4 bei dem wesentlichen auf der optischen 

sTd.r option Achse des *»eten k«*avs-> Rsllsxionssp ,sgsl S <l« 
6 Syslsm naoh sinsm d.r AnsprCIAe 1 bis 5. MM* umlasssnd: 

. ei „. Hi.s-U^pp. (0 4 , O,,. dis in ds, N*hs — - »s,dsn Ko nk avon ^sxicsspisas, 

(M v M 2 ) angeordnet ist. 

rSSSSSS'll'SwS W— « - dsn, **~n Reflextonssplegel M a ) h«Q~ 

fene Aberration zu korrigieren. 

*• srs^risss. — — — — • - « ^ 

M 2 ) zugewandten konvexen Flache enthalt. 
besitzt. 

11. System nach einem der Anspruche 1 bis 10, bei dem minde stens zwei unterschiedlichen Glasma- 

zumindest eine der ersten bis dritten L.nsengruppe (G,. G 2 G 3 ) aus m.naesiens 
terialien besteht, urn dadurch chromatische Aberration zu komgieren. 

12 " TZ^^^Z 3— ien Ouarz g ,as und F,c,d entha«e, 
13 ' cffilS^. 03) - Ouarzgias und F.uorid bestehen. 

i4 iKer d r™^ 

15. System nach Anspruch 14. bei dem u„ e , ahan 
die erste bis dritte Linsengruppe (G,, G 3 ) aus Quarzglas bestehen. 

16 System nach einem der Anspruche 1 bis 15, weiterhin umfassend: 

. mindestens zwei pianare Refiexionsspiege. (M, die eine Bi.df.ache (. 2 ) para.le. zu einer Objektflache 

machen. 

17. System nach Anspruch 16, bei dem 
: . einer (M 3 ) der pianaren Reflexionsspiege. im optischen Weg zwischen ObjektMche und Primal (.,) ange- 

. T^k) der p.anaren Refiexionsspiege, im optischen Weg zwischen Primarbiid W und Biidfache 
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(l 2 ) angeordnet ist. 

18. System nacheinemder Anspruche 1 bis 17, bei dem 

die erste Linsengruppe (G,) - von der Objektseite her hintereinander - eine Linsenkomponente (L„, L 12 , L 13 ) 
positiver Brechkraft und eine Linsenkomponente (L 13 , L 14 ) negativer Brechkraft beinhaltet. 

19 - TZ:2£^ Brechkraft, weiche am dichtesten auf der Objektseite angeordnet ist, eine 

der Objektflache zugekehrte konkave Linsenflache auf weisL 

20. System nach einem der AnsprOche 1 bis 1 9, bei dem . t . _ . „ , , , 

die zweite Linsengruppe (G 2 ) - nacheinander von de Lichteinfallseite her - erne Linsenkomponente (L^, L^, L 23 ) 
negativer Brechkraft und eine Linsenkomponente (L* 3 , L 24 ) positiver Brechkraft enthalt. 

21 Svstem nach einem der Anspruche 1 bis 20, bei dem 

dfe drme Unsengruppe (G 3 ) nacheinander von der Lichteinfallseite her - eine negative Linsenkomponente (L 31 , 
L 32 ) le positl Linsenkomponente (L 32 . l» l M , L*), eine negatrve Linsenkomponente (L*, L*) und eine 

positive Linsenkomponente (L^, L 36 , L 37 ) enthalt. 

|ekls.«e belindet. eins konvuxo Unsenflactie autvrcisl die der LichteinHl.sne zugswandt la. 

23 ' £^££—£51 zw*n U WPe <0„ V - — Se* op«, e n Achs, «,„„- 
ordnet ist. 

24. System nach Anspruch 1 

mit einem ringfdrmigen Gesichtsfeld. 



Revendications 

1 . Systeme optique de projection catadioptrique avec reduction comprenant : 

un premier sous-systeme servant a former une image primaire (I,) d'un objet et comprenant, successivement 
a partir d'un cote objet, un premier groupe de lentilles (G,) possedant un pouvoir refringent pos.trf et un prem.er 

miroir reflechissant concave (IVf,) ; et „„,*,„ortirrt,,rftt6r>hiPt 
un second sous-systeme pour reformer I'image primaire et comprenant, successrvementapart.r duoStt objet 
unsecondgrou P edelentilles(G 2 )ayantun pouvoir^ 

concave (M 2 ) et une troisieme groupe de lentilles (G 3 ) ayant un pouvoir refringent positrf, 
dans lequel un grandissement p Q3 dudit troisieme groupe de lentilles (G 3 ) satisfait a : 

0,05 < P G3 < 0,6, 

et dans lequel un grandissement p M1 dudit premier miroir reflechissant concave (M,) satisfait a : 

Pmi<-0. 7 

2. Systeme selon la revendication 1 , dans lequel le grandissement p M1 dudit premier miroir rtflechissant concave 
(M,) satisfait a: 



-2.0<p, 



M1 
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3. Systeme selon la revendication 1 ou 2, dans lequel un grandissement p M2 dudit second miroir reflechissant concave 
(M 2 ) satisfait : 

5 -2 ( 5<P M2 <-0,7 

4. Systeme selon la revendication 1, 2 ou 3, caracterisS en ce que ledit premier sous-systeme forme une image 
reduite (l^de I'objet. 

10 5. Systeme selon I'une des revendications 1 a 4, dans lequel ledit second groupe de lentilles (Gg) est situ6 de maniere 
a diriger une lumiere depuis une position situee sensiblement sur un axe optique dudit premier miroir reflechissant 
concave (M^ vers une position situee sensiblement sur un axe optique dudit second miroir reflechissant concave 
(M 2 ). 

is 6. Systeme selon I'une quelconque des revendications 1 a 5, comprenant en outre : 

un groupe de lentilles provisoires (G 4 , G 5 ) dispose au voisinage d'au moins Tun desdits premier et second 
miroirs reflechissants concaves (M n , M 2 ). 

7. Systeme selon la revendication 6, dans lequel le groupe de lentilles provisoires (G 4 , G 5 ) a pour role de corriger 
20 une aberration produite par le miroir r6fl6chissant concave (M 1f M 2 ). 

8. Systeme selon la revendication 7, dans lequel ledit groupe de lentilles provisoires (G 4 , G 5 ) comprend un composant 
de lentille en forme de mSnisque possddant une surface convexe tournee vers le miroir reflechissant concave (M,, 
M 2 ). 

25 

9. Systeme selon I'une quelconque des revendications 1 a 8, dans lequel une somme negative de Petzval produite 
par lesdits premier et second miroirs r6fk§chissants concaves (M v M 2 ) est corrigee par une somme de Petzval 
positive produite par ledit troisierne groupe de lentilles (G 3 ). 

30 10. Systeme selon I'une quelconque des revendications 1 a 9, dans lequel au moins Tun desdits premier et second 
miroirs r6fl£chissants concaves (M lt M 2 ) possede une surface r6f!6chissante non sph6rique. 

1 1 . Systeme selon I'une quelconque des revendications 1 a 1 0, dans lequel au moins I'un desdits premier a troisierne 
groupes de lentilles (G, , G 2 , G 3 ) est constitue par au moins deux verres difterents, ce qui permet de corriger une 

35 aberration chromatique. 

1 2. Systeme selon la revendication 1 1 , dans lequel les au moins deux verres diff erents comprennent du verre quartzeux 
et du verre fluore\ 

40 13. Systeme selon la revendication 12, dans lequel lesdits premier a troisierne groupes de lentilles (G,, G 2 , G 3 ) sont 
constitu6s par du verre quartzeux et du verre fluore\ 

14. Systeme selon I'une quelconque des revendications 1 a 10, dans lequel lesdits premier a troisierne groupes de 
lentilles (G v G 2 , G 3 ) sont constitu^s par au moins I'un d'un verre quartzeux et d'un verre fluore\ 

15. Systeme selon la revendication 14, dans lequel lesdits premier a troisierne groupes de lentilles (G 1( G 3 ) sont 
constitu^s de verre quartzeux. 

16. Systeme selon I'une quelconque des revendications 1 a 15, comprenant en outre : 

so au moins deux miroirs reflechissants plans (M 3 , M 4 ), qui forment une surface d'image (l 2 ) parallele a une 

surface de I'objet. 

17. Systeme selon la revendication 16, dans lequel I'un desdits au moins deux miroirs plans (M 3 ) est dispose dans 
un trajet optique entre la surface de I'objet et I'image primaire (I,), et 

55 le miroir plan r6fl6chissant (M 4 ) different dudit un miroir plan r6fl6chissant (M 3 ) est dispose dans un trajet 

optique entre I'image primaire (l^ et la surface (l 2 ) d'image. 

18. Systeme selon I'une quelconque des revendications 1 a 17, dans lequel ledit premier groupe de lentilles (G,) 



45 



22 



EP 0 604 093 B1 



comprend, successivement a partirdu cote objet, un composant de lentille (L 11t L 12 , L 13 ) ayant un pouvoir refringent 
positif, et un composant de lentille (L 13 , L 14 ) ayant un pouvoir stringent negatif. 

19. Systeme selon la revendication 21, dans lequel ledit composant de lentille (L n ) possedant le pouvoir refringent 
positif, qui le plus proche du cotd objet, est constituS de telle sorte qu'une surface concave de lentille est tournde 
vers le c6te* de la surface de Pobjet. 

20. Systeme selon I'une quelconque des revendications 1 a 19, dans lequel ledit second groupe de lentilles (Gfe) 
comprend successivement a partir d'un cote d'incidence de la lumiere, un composant de lentille (L^,, L^, l_2 3 ) 
possedant un pouvoir refringent negatif et un composant de lentille (L23, L 24 ) ayant un pouvoir refringent positif. 

21. Systeme selon I'une quelconque des revendications 1 a 20, dans lequel ledit troisieme groupe de lentilles (G 3 ) 
comprend, successivement a partir d'un c6t6 d'incidence de la lumiere, un composant de lentille nSgatif (L^, L 32 ), 
un composant de lentille positif (L 32 , 1.33, L^, L 35 ), un composant de lentille nSgatif (L34, L^) et une composant 
de lentille positif (L 35 , L 37 ). 

22. Syst6me selon la revendication 21, dans lequel ledit composant de lentille positif (L32). qui est situe le plus pres 
du cote objet dans ledit troisieme groupe de lentilles (G 3 ), possede une surface de lentille convexe tournee le cot6 
d'incidence de la lumiere. 

23. Systeme selon la revendication 1, dans lequel au moins Tun desdits premier et second groupes de lentilles (G t) 
G 2 ) est dispose d'un cot6 d'un axe optique. 

24. Systeme selon la revendication 1, possedant un champ d'observation de forme annulaire. 
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FIG.1 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 6 
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FIG.8 
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FIG.10 
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FIG.12 
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FIG. 14 
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FIG.16 
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